Norepinephrine and nitric oxide promote cell survival signaling in hippocampal neurons.
Nitric oxide (NO), physical exercise and/or antidepressant drugs, through the increased release of norepinephrine and brain-derived neurotrophic factor (BDNF), have been shown to exert profound protective, pro-survival effects on neurons otherwise compromised by injury, disease, prolonged stress, and subsequent depression in vivo. We sought, therefore, to evaluate such survival and neuroprotection in hippocampal neurons in culture, which, in an analogous model of in vivo cellular stress, was deprived of several vital nutrients. We assessed pro-survival outcomes following the application of norepinephrine or the noradrenergic partial agonist, clonidine, a general nitric oxide synthase inhibitor and NO donor, using a cell survival assay and quantitative Western blotting of the survival signaling molecules, BDNF, P-CREB, P-Akt, and P-MAPK in hippocampal neuronal lysates. We demonstrate that norepinephrine, clonidine, the NO donor and various combinations of these drugs increased cell survival and the immunoreactivity of the four survival signaling molecules in the face of nutrient deprivation stress, whereas the NO synthase inhibitor, and each of several survival signaling pathway inhibitors all decreased cell survival even below that of controls without nutrient supplementation. These results demonstrate that conditions that make cells vulnerable to environmental/toxic insult can be offset by norepinephrine and its related drugs or by NO donors and exacerbated by drugs that specifically inhibit a key survival signaling pathway. These results indicate that pharmacological intervention can promote neuroprotection and survival signaling in the face of nutrient withdrawal, but that this may require that several pathways remain intact.